The importance of administering trypanocide treatment to individuals with chronic Chagas disease, using the drugs available for clinical use, has been highly controversial because of the lack of evidence regarding its effectiveness for achieving complete deparasitation and regarding the role attributed to T. cruzi in perpetuating the cardiac damage 11 14 15 23 31 . Evaluation of such treatment at this stage of the infection requires long-term followup studies, because of the slow disease progression; reactive persistence of conventional serology, even a long time after the treatment has been completed; and the lack of high sensitivity parasitological methods.
Many studies on trypanocide treatment in patients who had chronic infection 1 3 7 9 16 18 19 24 30 32 have shown great variability in the results.
Post-treatment, the cure criterion for individuals with chronic Chagas disease is the persistence of negative parasitological and serological results 6 25 27 . The present work analyzed the parasitological, serological and clinical evolution of adults with chronic Chagas disease who had no previous electrocardiographic disturbances. They were divided into two groups: a group treated with trypanocide drugs and an untreated (control) group, over a mean follow-up of 21 years.
MATERIAL AND METHODS
This study was designed as a retrospective and prospective cohort study. At the Centro de Investigaciones sobre Endemias Nacionales (CIEN) * , Santa Fe City, Argentina, a serological, parasitological and clinical follow-up among individuals with chronic Chagas disease living in the city was launched in 1976-1977. This follow-up is still ongoing (2006) . Patients were generally monitored every one or two years, although for some of them the gap was longer.
The participants in the follow-up were informed about the study that would be carried out and those who agreed to participate were included in it. Subsequently, and considering age and xenodiagnosis (XD) results, specific antiparasitic treatment was prescribed to one group while the other (control group) received no medication or placebo. There was no spontaneous request for treatment.
During the whole follow-up, the people in the study were living in an area of low endemicity. Most of them shared the characteristic of having migrated from endemic areas, as the probable cause of their T. cruzi infection.
The initial criterion for selection between the treated and untreated groups was to administer the treatment first and foremost to those in whom T. cruzi was detected.
The specific antiparasitic treatment was administered before 1983, since from that year onwards national norms indicated that chronically infected people should not be treated 26 . The dose and treatment duration were: nifurtimox (Nx) 8-10mg/kg/day over 45-60 days; benznidazole (Bz) 5mg/kg/day over 30 days, with half of the dose in the first week, in accordance with the recommendations at the time of administration 22 .
No criterion was applied for selecting which patients were to be treated with Nx or Bz; the drug available was used.
CIEN provided patients with the medicine for home treatment. They were advised to stop the medication and go immediately for check-up if they suffered any side effects. During and after the treatment, all the patients were monitored through clinical and laboratory examinations. The intolerance reactions recorded were as expressed by the patient.
Three conventional serology (CS) tests was carried out every time the patient went for check-up: indirect hemagglutination (IHA), direct agglutination with 2-mercaptoethanol (DA-2ME) and indirect immunofluorescence (IIF). All the infected people included in this study initially presented reactions in all three of these tests with titers greater than or equal to 1/32. Serum samples were fractionated proportionally and preserved at -4ºF and/or refrigerated with glycerin.
The sera obtained at the last of the patients' check-ups were also subjected to two ELISA (enzyme-linked immunosorbent assay) tests: one with cytoplasmic and surface antigens from the parasite and the other with recombinant antigens obtained from specific proteins of the epimastigote and trypomastigote phases of T. cruzi.
Antigens made in the CIEN were used for IHA, DA and IIF tests, while commercial reagents (Wiener, Rosario, Argentina) were used in ELISA tests. XD 10 was used for the parasitological study. It was performed with four entomological boxes per patient, each containing 10 nymphs III of Triatoma infestans that had been starved for a period of three weeks. The boxes were applied to the person's arms and forearms for 30 minutes. The intestinal content of the insects was analyzed 30, 60 and 90 days after the application. XD was performed periodically every two or three check-ups.
The clinical examination was carried out by means of routine laboratory analyses, anamnesis focusing mainly on the circulatory and digestive systems, physical examination, conventional electrocardiogram (EKG) and chest X-ray. Holter monitoring was performed on individuals with Chagas disease whose condition made it necessary and if it was financially possible to do so. Some patients were able to undergo echocardiogram and ergometry. The clinical examination and EKG were carried out every time the patient went for check-up.
The following were considered to be disturbances compatible with chronic Chagas myocardiopathy (CrChM) 2 28 : complete right bundle branch block (RBBB); left anterior fascicular block (LAFB) in individuals younger than 50 years old; RBBB + LAFB; frequent ventricular extrasystole (VE); VE associated with conduction disorders; second degree atrioventricular block (AVB); complete AVB; and electrical inactivation areas (no antecedents of ischemic cardiopathy). Although complete left bundle branch block (LBBB) is infrequent in CrChM, it cannot be asserted that it is a consequence of T. cruzi infection. The same occurs with *An investigation center for national endemic diseases. Neither radiological nor endoscopic tests on the digestive system were carried out. In the anamnesis, the patient was asked whether they suffered from dysphagia or constipation.
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The cure criteria were. 1) Parasitological, through persistent negative results from XD; 2) Serological, when negative seroconversion of CS took place for the three serological reactions (IHA, DA-2ME and IIF); 3) Clinical, through non-appearance of symptoms or electrocardiographic disturbances attributable to Chagas disease.
It was understood that serological titers decreased when the number dropped in two or more dilutions of serum, without reaching negative seroconversion.
Statistical methodology. Chi-square (X 2 ) or Fisher's exact test were used as appropriate. Kaplan-Meier curves were used to determine the probability of negative seroconversion after the trypanocide treatment, since these consider the size of the sample as well as the fact that patients were monitored neither simultaneously nor during the same period of time.
RESULTS
Treated and control (untreated) patients. The study was conducted using comparable groups of patients and taking the following choice criteria into consideration: 1) Three positive serological reactions (IHA; DA-2ME; IIF); 2) Clinically healthy patients, who had no electrographic disturbances and had a normal cardiac area, as checked through chest X-ray; 3) Patients' ages: 17 to 46 years old; 4) Follow-up period: 15 years minimum, 29 years maximum. Table 2 shows the number of patients treated with each drug and those belonging to the control group, according to follow-up period and age.
Tolerance of treatment: all the treated patients included in Table 1 completed the treatment. Initially, 33 people were treated with Bz. Among these, two people took it for 20 days and stopped because of maculopapular erythema. Afterwards, they did not receive other trypanocide treatment and, as a result, they were not included in the present study. Four more people started taking Bz and had to stop the medication because of intolerance. They showed adverse reactions between 10 and 15 days after the treatment had been started. Three of them suffered from maculopapular erythema and the other patient had pruritus, edema and erythema. Twenty-five to 30 days after withdrawal of Bz, these patients started treatment with Nx and showed great tolerance of it. There was just one patient who suffered from headache, epigastralgia, nausea and dizziness, which was not a reason for stopping the medication.
In the group of patients that completed the treatment with Bz, there was one person who had started with Nx but had to stop after 12 days due to vomiting, headache, anguish and excitation. Twenty days afterwards, treatment with Bz started. It lasted 30 days and the patient showed great tolerance.
The side effects treated patients suffered from are shown in Table 3 . Except for the cases described above, other reactions were not reasons for treatment withdrawal.
Although a lower percentage of patients treated with Bz suffered from side effects than among those treated with Nx (27% vs 32%), the reactions to Bz were less tolerated, which unavoidably caused treatment withdrawal.
There was no significant difference in the total number of intolerance reactions between these two drugs (p>>0.05).
Parasitological control. One hundred and thirty-three post-treatment XD were performed on 41 patients in the treated group (3 XD/patient), all resulting negative (100%).
In the control group, 29 XD were performed on 14 untreated patients (2 XD/patient), of which two resulted positive (14.3%). The nine patients whose XD was initially positive did not undergo this test again.
Serological control. The diagram in Figure 1 summarizes the evolution of conventional serology tests in the study population. The sera from the 111 patients with chronic Chagas disease, obtained at the different check-ups throughout the follow-up, were processed simultaneously and quantitatively.
Among the 54 treated patients: A) Twenty (37%) had negative seroconversion; 9 (45%) were treated with Bz and 11 (55%) with Nx ( Table 4 ). The average length of time for negative seroconversion was 16 years post-treatment. In 13 patients, of whom four had previously had fluctuating serology (positive serology at some check-ups and negative at others), this length of time was greater than or equal to 20 years. The remaining seven patients achieved persistent negative seroconversion In the control group (untreated patients), the initial titers remained constant throughout the study (Table 5) . Figure 2 (Kaplan-Meier curves) shows that the probability of negative seroconversion in adult patients treated with Nx was higher and took place earlier than with Bz. From this experience, it can be deduced that 27 years post-treatment are required for 43% of those treated with Nx to show non-reactive conventional serology test results.
For benznidazole, the earliest time until negative seroconversion was 11 years, and for that to take place in 32% of the population who received this medication, 25 years post-treatment was required.
There was no probability of negative seroconversion in the untreated infected patients.
Clinical control. Although digestive system tests were not carried out, it was inferred from the anamnesis that none of the groups suffered from dysphagia during the follow-up. One patient who had considerable constipation (more than five days) suffered from elongated colon (she was treated with Nx and presented post-treatment negative seroconversion of CS; 26 years later, she does not present either electrocardiographic disturbances or cardiac symptomatology).
The diagram in Figure 3 shows the electrocardiographic evolution of adults with chronic Chagas disease infection who were initially asymptomatic, over the course of the study period.
Within the treated group (n=54), six patients showed disturbances on EKG during the follow-up, while in the control group (n=57) electrical alterations were found in 14 patients. Table 6 shows their impact according to age and the drug used. All patients, both treated and untreated, who showed abnormalities on EKG remained with positive CS, except for one person treated with Bz who developed LBBB at the age of 50, suffering from chronic arterial hypertension (cardiac cavities of a normal size and preserved left ventricular systolic function).
The kind of electrocardiographic and radiological abnormalities, the age at which they started to be detected and the presence or absence of associated pathologies in the treated and control groups are shown in Tables 7 and 8 respectively.
Patients in both groups in whom arrhythmia was detected declared that they felt palpitations. None of the patients lost their functional capacity to make normal efforts. Auscultation showed neither heart murmur nor presence of a third noise.
In the pulmonary auscultation, no rales suggesting left heart failure were found and no signs of right heart failure were detected (no jugular ingurgitation, no edema and no hepatomegaly).
Abnormalities found in patients 3 and 5 of Table 7 were considered attributable to CrChM. Both of these patients showed disturbances on electrocardiogram two years after the treatment Table 5 -Serological evolution of patients with chronic Chagas disease (treated and untreated), according to age groups and follow-up period. Nx: nifurtimox; Bz: benznidazole. All the patients with disturbances on EKG remained with positive CS, except for one patient treated with Bz who showed negative seroconversion and, when suffering from chronic arterial hypertension, showed LBBB at the age of 50.
had been completed. In patient 3, who received treatment with Bz at the age of 29, VE and SB were detected two years later. Twenty years later, he showed LAFB and was suffering from arterial hypertension.
In the other patient (N o 5), who was treated with Bz at the age of 31, VE, electrical inactivation area (QS in V1 and V2) and ventricular repolarization disturbances were detected two years later. Twelve years later, she developed grade I cardiomegaly, and echocardiogram showed a slight increase in left cardiac cavity size with slight wall hypokinesia. In the ergometric test, polyfocal ventricular arrhythmia and dyspnea when reaching 750kgm/m (6.42 METs) were detected. Diabetes was detected at this check-up and two years later she developed LAFB.
Neither of these two patients (3 and 5) who developed myocardiopathy underwent negative seroconversion of CS.
The electrical disturbances that the other four patients showed cannot be exclusively attributed to CrChM (due to type of disturbance, age and/or associated diseases), as described below.
Patient 1 showed electrocardiographic abnormalities with PR from 0.20 to 0.24. This disturbance remained constant 13 years after it first appeared.
An EKG on patient 2 at the age of 50 years showed LBBB with PR of 0.16 sec. The LBBB may have been attributable to Chagas infection but this patient was suffering from arterial hypertension that had evolved over the preceding five 5 years and, although medicated with enalapril (20mg/day), she remained hypertensive (145/100mm Hg). An echocardiogram showed that the left ventricle had normal size (LVIDd: 52mm), the ejection fraction was preserved (EF 70%) and the left auricle slightly dilated (42mm). In a previous EKG there had been no evidence of conduction disorders.
Patient 4, who suffered from chronic hypertension, developed LAFB at the age of 53.
Patient 6 showed LAFB at the age of 59 and suffered from associated diseases like arterial hypertension, obesity and diabetes.
All the treated patients who showed disturbances on EKG continued to have positive CS, except for patient 2. She underwent negative seroconversion, but taking into account the age at which lesions appeared and the presence of chronic arterial hypertension, her electrical disturbances cannot be attributed to CrChM. Table 8 shows the types of abnormalities on EKG among the patients with untreated Chagas disease. In nine of the patients (2, 3, 6, 7, 8, 9, 10, 11 and 14) the disturbances were considered to be signs of CrChM.
The remaining five patients suffered disturbances that were not considered to be signs of CrChM because:
Patient 1 showed LAFB at the age of 52 and, although he had no associated diseases, the conduction disorder cannot be attributed with certainty to T. cruzi infection because of the age at which it appeared.
Patient 4 showed PR between 0.20 and 0.22 and left-axis QRS.
Patient 5 developed LAFB at the age of 51 and suffered from chronic arterial hypertension.
Patient 12 showed VE and LAFB at the age of 54, suffering from arterial hypertension and diabetes for 13 years before showing this disturbance on the electrocardiogram.
Patient 13 showed LAFB and LVO (left ventricular overload) at the age of 50 and suffered from chronic arterial hypertension.
The incidence of electrographic disturbances attributable to CrChM in both groups of patients with Chagas disease (treated and untreated) is summarized in Table 9 .
Comparison between the proportions of patients who became ill in the treated infected group (2/54) and in the untreated infected group (9/57) revealed statistically significant differences (p>0.05).
It is important to emphasize that the proportion of patients who became ill without being treated was approximately four times higher than that of the treated group.
Neither the presence of associated diseases (diabetes, hypertension and obesity) nor the occurrence electrocardiographic disturbances at the age of 50 or later (4/54 in the treated patients and 5/57 in the untreated patients) showed significant differences between the groups (p>>0.05).
Parasitological, serological and clinical control. Treated patients who underwent negative seroconversion also showed negative XD after the treatment. All these patients remained without signs or symptoms of CrChM.
No significant differences were observed regarding cure percentage and incidence of electrocardiographic disturbances (p>>0.05) between patients treated with Bz and those treated with Nx (Tables 10 and 11 ). 
DISCUSSION
In previous publications, we have shown that the decrease in serological titers among this cohort of adults with chronic Chagas disease was statistically significant in comparison with that of the group of infected people who did not receive treatment. The treated individuals also had better clinical evolution, although this was not statistically relevant 17 18 . In the present study, with a longer follow-up period, negative seroconversion was observed in 37% of the treated adult patients, as well as statistically significant differences in the clinical evolution, in comparison with the control group (p>0.05).
These results coincide with other investigators' findings 32 . Using the same doses and administration period for Bz (5mg/kg/day over 30 days), Viotti et al showed that after eight years of follow-up there was less deterioration in clinical condition (2.1% in the treated patients vs 17% in the untreated patients), increased frequency of negative seroconversion and decreased titers in the treated group, in comparison with the untreated group.
In follow-ups on children with chronic Chagas disease who received treatment with Nx or Bz up to the age of 14, we observed a significant percentage of negative seroconversion of CS (59%) 30 . Such a significant negative seroconversion had not been observed in adults with chronic infection.
In children with chronic infection, the lower the age of the treated patient was, the higher the probability of negative seroconversion also was 16 21 30 , as it is connected with the pretreatment period of the infection. In the present study, however, the serological evolution had no connection with the age at which infected adults were treated.
Although it is difficult to know for certain when each patient became infected, it is possible to infer that this occurred as many years ago as the age they are, because most of them were born and/or grew up in endemic areas. Moreover, one of the conditions for being part of this study was that they had to remain in Santa Fe city, which is an area of low endemicity, and they were excluded if they returned to an endemic area, even for a brief period.
Although it is known that two concordant serological reactions in the cohort titers indicate Chagas infection, it is necessary to point out that most of the infected patients whose XD was positive received treatment. This was so because when we started this cohort study our experience was just beginning and, in order to confirm the infection, we had to show not only serology but also the presence of T. cruzi. This explains the lack of randomization of the groups in this respect, but this does not imply introducing any significant bias in the study, since the low sensitivity of XD during the chronic phase of the infection is well-known. Positive parasitological results recorded before the trypanocide treatment was administered, and many negative XD after its administration, showed at least a decrease in parasitic load.
At the end of the 1970s, the only drug available in our Center was Nx, and that is why the follow-up period for patients treated with this drug is longer than the follow-up for those treated with Bz. Negative seroconversion, together with a notable decrease in titers in the group with inconclusive final serology, were found more frequently in patients treated with Nx (19/27) than in those who received Bz (11/27) . Although the follow-up period with this drug was shorter, there is a question mark over the clinical and serological effectiveness that Bz would have presented if the treatment had been carried on for 60 days.
Treatment duration may have an influence on cure rates, but the serious toxic effects from Bz when the total dose reaches approximately 18 grams are well-known 7 .
In our study, the most frequent adverse reaction in patients treated with Bz was maculopapular erythema (Table 3) . No cases of polyneuritis or other more serious side effects were observed 11 , and this was probably due to the lower total dose of the drug administered.
Among the treated patients, two developed electrocardiographic disturbances compatible with CrChM. Abnormalities were detected two years after the treatment with Bz had been completed. This short post-treatment period lead us into thinking that, by carrying out more complex initial tests (Holter, ergometry and electrophysiological tests), the disturbances could possibly have been detected earlier.
During this long study period, only two patients out of those treated with Nx (n=27) showed disturbances on EKG. In one case, the abnormalities could not be attributed to the disease (PR of 0.20 to 0.24) and in the other, they appeared when the patient was 59 years old (IRBBB + ILAFB) and was also suffering from associated diseases (hypertension, diabetes and obesity).
The incidence of electrographic disturbances in the treated group that were not considered to be CrChM, because of the age at which LAFB appeared (50 years old) and associated diseases, such as diabetes, arterial hypertension and obesity (4/54 patients), was similar to the incidence in the control group (5/57).
Although the pathogenic mechanisms for Chagas disease are unclear, the findings from this study prove that T. cruzi eradication may be a prior requirement for preventing the development of the disease 4 5 . Some experimental studies have described the existence of strains that are naturally resistant to Nx and Bz, which could explain the different responses to treatment.
Despite the limitations of the available trypanocide drugs 8 11 29 , the results from the present study show that the treatment brought about a cure in at least 37% of the patients, since they showed negative seroconversion, and that it had a protective effect on the clinical evolution of the disease in chronically infected adults.
